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(57) Abstract 

A machine or process for com- 
paring fingerprints based on the corre- 
spondence between fingerpring minu- 
tiae. The pattern of minutiae in an un- 
known or search fingerprint is rotated 
and translated to obtain approximate 
registration with the pattern of minu- 
tiae in a known on file fingerprint 
Following rotation and translation, 
only those search and file fingerprints 
that exhibit a sufficient number of 
mating minutiae between the finger- 
prints are compared further. For each 
pair of mating search and file minu- 
tiae, the neighboring mating minutiae 
are compared and an individual min- 
utia 'match score' is determined based 
on the degree of correspondence be- 
tween the other mating pairs of minu- 
tiae within a specified neighborhood 
of the individual pair of mating search 
and file minutiae. The individual 
'match scores' for each of the mating 

minutiae are summed to yield a total score that is indicative of the correspondence between the search and the file finger- 
prints. 
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FINGERPRINT MINUTIAE MATCHER 
BACKGROUND OF THE INVENTION 

A fingerprint can be characterized by the locations and angular 
orientations of the ridge endings and ridge bifurcations within the finger- 
print which data are referred to in this specification as "minutiae". 
Machines for the detection and listing of fingerprint minutiae are 
described in a number of U.S. Patents, including Nos. 3,611,290; 
3,699,419; 4,083,035; and 4,151,512. 

This invention pertains to processes and machines for the automatic 
comparison- of one fingerprint, referred to here as the "search" fingerprint 
with another fingerprint, referred to as the "file" fingerprint, to 
determine if the two prints were made by the same finger. 

A minutia pattern matcher invented by Riganati and Vitols is described 
in U.S. Patent No. 4,135,147. The present invention is closely related to 
the minutia pattern matcher invented by -Riganati and Vitols. U. S. Patent 
No. 4,135,147 describes, in some detail, the prior art and the background 
to which both this invention and the minutiae pattern matcher pertain. 

The minutia pattern matcher of Riganati and Vitols generates a 
"relative information vector" ("RIV") for each minutia in the unidentified 
("search") fingerprint, which RIV is a detailed description of a minutia's 
immediate neighborhood of nearly surrounding minutiae. The matcher compares 
each RIV in the search print with each RIV in the known ("file") print 
and generates a match score for each comparison (see Cols. 8-12 of U.S. 
Patent No. 4,135,147). By means of a histogram, the matcher makes a 
global comparison of the individual matches and generates a "final score" 
which indicates, quantitatively, how closely the search print compares 
with the file print (see Col. 12 of U. S. Patent No. 4,135,147). Because 
the minutia pattern matcher compares- each RIV in the search print with 
each RIV in the file print, the process involves a significant amount of 
effort. 

The present invention significantly reduces the effort expended in the 
comparison, first, by performing a preliminary comparison of search and 
file minutiae on a global basis in order to reject file prints which bear 
little resemblance to the search print (to give a "quick out") and, 
second, by, in effect, comparing each search RIV with only a single, 
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mating file RIV. The details of the present process also differ from 
those of the minutia pattern matcher/ 

SUMMARY OF THE INVENTION 

This invention is a machine or process that compares or "matches" 
fingerprint minutia patterns. The result of this matching process is a 
match score which is a measure of the similarity of the two minutia 
patterns, with a high match score indicating a high degree of similarity. 
The machine of this invention is a general purpose computer, such as the 
IBM 7090, that has been programed in accord with this specification. 

The inputs to the machine are (1) the minutia data for the fingerprints 
being matched (one print is designated the search print, the other the 
file print), which minutia data consist of the locations (x,y) and angular 
orientations (9) of the minutiae, and (2) a set of machine operating 
parameters. The minutia data are ordered in a 8 in a lowest to highest 
values of 0. Tables 1(a) and 9(b) show an example of minutia data in 
tabular form (the format in which the computer stores and uses the data), 
and Figures 1A, B and C are plots of such data. 

The object of the invention is to measure the similarity between 
two minutia patterns, such as those shown in Figures 1A and IB. A 
high degree of similarity exists between the patterns in Figures 1A and 
IB, as is shown in the superimposed patterns of Figure 1C where the 
search minutia of Figure 1A have been rotated by an angle a and translated 
in X an amount Xy and in Y an amount Y T , and then superimposed on the 
file pattern. 

One measure of similarity is the number of corresponding minutiae. 
To determine this number, one can think of a small box being drawn 
around each search minutia as shown in Figure 2A. If there is a file 
minutia within the box which also has the minutia angle close to the 
search minutia angle (say, within 25°), then the two minutiae are said 
to correspond, or to be mates. Figures 2A, B and C illustrate several 
cases of mating, non-mating, and multiple mating minutia pairs. There 
are 13 corresponding or mating minutia pairs in Figure 1C. This number of 
mating minutiae, designated M^, is used as a preliminary measure of 
similarity. 
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If M M is sufficiently high, a score is computed for each search 
nrinutia based on the number of neighboring search minutiae (up to 
some number such as eight) that also have a mating file minutia, and 
on the degree of correspondence between the neighboring, mating file 
and search minutia. The match score for the entire fingerprint is the 
sum of the scores for each search minutia. 

If the number of mating minutiae, M M , is not greater than some 
specified threshold, the file print is considered to be unrelated to the 
search print, and the fingerprints are not compared further. 

Table 2 is a listing of all the major steps in the comparison or 
matching process. A more detailed functional description of each of 
these steps is given in the following sections. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1A and IB are examples of search and file minutiae respectively; 

Figure 1C shows the search minutiae of Figure 1A rotated and super- 
imposed on the file minutiae in Figure IB; 

Figures 2A, B and C show examples of mating and nbn-mating pairs of 
minutiae; 

Figure 3 shows the search minutiae of Figure 1A with each minutiae 
numbered; 

Figures 4A and 4B contain a second example of search and file 
minutia patterns; 

Figure 5 .is a two-dimensional histogram for the example in Figures 
4A and 4B; 

Figure 6 is a flow diagram of the logic used to compare the search 
and file minutiae; 

Figure 7 contains an example of overlaid plots of search and file 
minutiae; 

Figure 8 is a logic flow diagram illustrating the detailed logic 
for processing the NHIT list of Table 8; and 

Figure 9 is a flow diagram illustrating the minutia pairing logic. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 



1.0 PREPARATION OF SEARCH MINUTIA DATA 



In a typical application of the invention, a single search fingerprint 
is compared against many file fingerprints. Certain computations, involving 
the initial search minutia data only, are done only once at the beginning 
of the series of comparisons. 

1.1 SORT INTO ANGLE ORDER 

To decrease the computation time, the search minutiae are sorted, 
based on their angle, in ascending order as shown in Table 1. If the 
minutiae are already sorted with respect to 9, this step is skipped. 

1.2 FIND CLOSEST NEIGHBORS 

Since the scoring for each pair of mating minutiae is dependent on 
the number of neighbors that also have mates, the N N nearest neighbors for 
each search minutia must be defined. The number N N is a match parameter 
selected by the machine operator and is typically chosen to be in the 
range of 6 to 12. The "nearness" measure is the sum of the absolute 
values of the differences in the X and Y coordinates between two minutiae. 
Such a measure is easily computed and results in a diamond shaped neighbor- 
hood area. Figure 3 shows the search minutiae of Figure 1A with each 
minutia numbered. Table 3 lists the nearest eight neighbors for some of 
the search minutiae. The nearest neighbors for each minutia are determined 
by computing the distance from each minutia to all other minutiae and 
selecting the N^ closest minutia as the nearest neighbors. 

1.3 ROTATE SEARCH MINUTIAE FOR EACH ANGULAR POSITION 

Since the X, Y, 9 minutia values for the search and for the file 
fingerprints initially are not located with respect to a unique coordinate 
system, it usually is necessary to rotate one of the minutia patterns with 
respect to the other to properly align the matching fingerprints, as 
illustrated, for example, in Figure 1C. There appears to be no straight- 
forward method of computing a best rotation based on some criteria such as 




WO 82/01434 



PCT/US81/01412 



• 5 



a least-squared-error fit- Accordingly, in this process, the search 
minutiae are rotated through a series of preselected angles and these 
rotated sets of minutiae are stored. In the matching process, each set of 
rotated search minutiae are compared with the file print and the set which 
gives the best match (as measured by the number of paired minutiae) is 
used in computing the match score for the pair of prints being compared. 

In the preferred embodiment, a discrete set of rotations, N R , 
spaced 5.6 degrees apart are used in the matching process. A set of 
ten such rotations covers a range of + 28 degrees and normally is sufficient 
to allow for variations in fingerprint orientation. The number of rotations 
N R , is a match parameter specified by the operator, and can be made as 
large as desired in order to accommodate larger uncertainties in print 
orientation. Since a larger number of rotations would require more 
comparisons, it is desirable to use as small a value of N R as practicable. 

Functionally, the rotated X and Y minutia values are computed by 
the matrix equation 
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(1) 



where X Rj Y R are the rotated minutia values, X $ , Y s are the initial search 
minutia values, and a is the rotation angle. In order to use only 
integer computations and to avoid using sine and cosine functions, the 
following approximations are used for the sine and cosine computations: 



COSa = 1 - 32/CDIV(N) 
SINa = 32/SDIV(N) 



(2) 
(3) 



The CDIV(N) and SDIV(N) functions are represented by integer tables 
which have values for each N corresponding to discrete values of a. 
Values of CDIV(N) and SDIV(N) are computed from the inverse of the above 
equations and have the form 
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where N has values 1, 2, ... N R y, 

a has values (-%+!) (5.6°), (-N RT +3) (5.6°), (-N RJ +5) (5.6°) , 

... (-N RT +2N R -3)(5.5°), (-N RT +2N RT -1)(5.6°) 

and N RT is the total number of rotations permissable and is an even 
integer. 

The values of 9- for each rotation can be obtained simply by adding 
an angle to each 9 value equal to the rotation a defined above. This 
addition, however, is performed later in the matching process, thus 
avoiding the creation of an additional array of rotated values for 6. 

In order to minimize the computational errors in the rotation 
calculations, the search minutiae are initially centered over the 
origin. The rotation computations then are performed for the translated 
data set, and the rotated minutia sets then are retranslated to the first 
quadrant so that all X and Y values for the minutiae are positive. 

2.0 PREPARATION OF FILE MINUTIA DATA- 

Very little preparation of the file print minutia data is necessary 
or desirable since these computations need to be performed for each file 
fingerprint with which the search print is compared. The file data are 
arranged in order with respect to 0 and the minimum and maximum minutia 
X and Y values are determined for the file print, but these calculations 
need be done only once for each file print for instance, at the time the 
file print data is added to the data base. A simple computation also 
can be done at the time the file print is added to the data base to 
determine the quantization parameters for use with the histograms described 
in the next section. 

3.0 PRINT REGISTRATION 

Print registration or orientation matching requires the determination 
of the best angular rotation and the X and Y offsets or translation that 
are necessary to superimpose the search minutia pattern upon the file 
minutia pattern. This task is accomplished by constructing for each of 
the N R rotations of the- search minutia pattern, a two dimensional histo- 
gram of the displacements in X and Y needed to overlay each search 
minutia with each file minutia for which the values of 9 differ by less 



WO 82/01434 



PCT/US81/01412 



- 7 - 

than some threshold, which threshold is a matching parameter selected by 
the operator. If the computed displacements for a pair of search and file 
minutiae are greater than some specified threshold, this minutia pair is 
omitted from the histogram. An example of such a pair of minutia would 
be one near the top of one print and the other near the bottom of the 
other print. Such minutiae would not represent mating pairs. A large 
peak in the histogram indicates a large number of mating minutia pairs, 
and the coordinates of that peak give the X and Y offsets needed to give 
the best line up of the two minutia patterns for a particular angular 
rotation. 

To illustrate and more precisely describe these operations, consider 
the example minutia patterns shown in Figures 4A and 48, which example 
differs from the one shown in Figures T-3. The search minutia pattern 
is one of the rotated sets of search minutia patterns. If the file minutia 
pattern is shifted 10 units in X and 10 units in Y (10 is added to each 
of the minutia X and Y values), there is almost a perfect correspondence 
between the search and file minutia patterns. Table 4 contains a minutia 
comparison matrix. This matrix lists the result of comparing each search 
minutia (the leftmost column of the matrix)^with each file minutia (the 
top row of the matrix). The matrix entries show the results of the 
comparison. The letter A indicates that the tail angles for the two 
minutiae corresponding to that matrix element (e.g., search minutia, 
SI, and file minutia F8) differ by more than the allowed amount (30 
degrees). 

The two numerical entries for each pair of file and search minutia 
(e.g., 24, -20 for S2, Fl) indicate the increments in X and Y that must 
be added to the file minutia data in order to superimpose that file 
minutia on top of the search minutia after the centers of the search and 
file minutia patterns have been made coincident. 

The coordinates for the center of the search print are the average 
of the X and Y values respectively for the search minutiae. The Y 
coordinates for the center of the file print are the mid-points between 
the maximum and minimum values of X and Y respectively for the file 
minutiae. The center for each minutia pattern is shown by the + symbol 
in Figures 4A and 4B. 
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The coordinate values shown for each nrinutia in the top row and left 
column of the comparison matrix of Table 4 are with respect to the center 
of the print. Thus, to compute the translations in X and Y, AX and AY, 
that are required to superimpose two minutiae, such as S2 and F4, the 
values of the file minutia are subtracted from the values of the search 
minutia, as shown by the equations of Figure 4. For the S2, F4 minutia 
pair, these differences are 12 and 10 for X and Y, respectively, as shown 
in the F4 column and S2 row of the comparison matrix. The +2 term in the 
X translation equation of Figure 4 is necessary to allow for the non- 
alignment of the center of the minutia patterns (the coordinates of the 
center of the search minutiae are 28, 30 and for the file print center are 
30-30 producing a difference in the X coordinates of 2). 

The entries of the letter L Indicate that the translation required 
for the superposition of two minutiae (e.g., S2, F5) exceeds a threshold 
which is half of the file minutia pattern width for X and half of the file 
minutia pattern height for Y. Both the X and Y translations must be less 
than these thresholds to avoid an L entry. The width and height of the 
file minutia patterns of Figure 4 are 55 and 50, respectively. 

Using the numbers contained in the comparison matrix, a two dimensional 
histogram is constructed. Figure 5. shows such a histogram for the example 
of Figure 4. Each cell of the histogram corresponds to the translations 
in X and Y listed on the top and left edges of the histogram. The number 
within each cell indicates the number of minutia pairs that exist for a 
given X and Y translation of the search print. The histogram is constructed 
by first setting all cells in the histogram to zero and then incrementing 
(by 1) each histogram cell that corresponds to the numerical entries in 
the comparison matrix of Table 4. Thus, for example, the minutia pair 
S2, F3, with a comparison matrix entry of 24, 5 causes the contents of the 
(24,25; 5,4) histogram cell to be incremented by one. As can be seen 
by an examination of Figures 4 and 5, all of the correct or proper 
corresponding minutia pairs (e.g., (S1,F3), (S3,F4) etc.), cause either 
the (14,15; 11,10) histogram cell or an adjacent cell to be incremented. 

To determine from the histogram the best X,Y translation, a search 
is made of the histogram cells to find the cell with the maximum value. 
The coordinates of the cell with the maximum value gives the translation 
values in X and Y which uield the maximum degree of matching. Because of 
the discrete nature of the process, a slight modification of the procedure 
is used to avoid edge or boundary problems that produce quantizati 
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errors. In the example, there actually are eight pairs of corresponding 
minutiae. Only four of these pairs are counted in the (14,15; 11,10) 
histogram ce7 7. The counts for the other four pairs appear in the left 
and top adjacent cells due to slight variations in the spacing between 
minutiae of the two patterns. To allow for these edge or boundary 
problems, the maximum count for the histogram is computed based on the 
sum of the counts for four adjacent cells. Thus, the maximum count for 
the histogram of Figure 5 is eight, and using the center of the cluster 
of four cells that gives this maximum, the X and Y translations that 
best line up the two minutia patterns are (using integer computations) 13 
and 11 (assuming an initial alignment of the print centers). 

The actual mechanization of this alignment procedure, while functionally 
the same, is somewhat different computationally from that described in the 
example. One difference is that a comparison matrix as such is never 
constructed; the computations are done for each minutia pair comparison by 
means of two nested DO loops, with the histogram being updated at the 
completion of each minutia pair computation. The desirability of having the 
minutiae sorted by angle is apparent from an examination of the comparison 
matrix of Table .4, since all of the A entries for a given row are in one 
or two sequential groups which include at least one end of the row. Logic 
is used in the DO loop computation based on these sequential angle 
differences to reduce the number of minutia pair computations. 

Other computation differences are concerned with the manner in which 
the boundary problem for the histogram is handled and the construction of 
the histogram for the matcher where, in effect, four more or less 
independent computations proceed in parallel. 

The minutia pattern line-up or registration process is functionally 
identical to a two-dimensional discrete pattern correlation process 
wherein one pattern is placed on top of another, the number of corresponding 
features are counted, a correlation matrix element is incremented, the 
pattern is shifted a small increment, and the corresponding features again 
are counted, etc. 

In order to determine the best rotation angle for lining up or 
registering two prints, histograms as described above are constructed in 
sequence for each rotation angle. The rotation angle which gives the 
maximum histogram entry is the best rotation angle. If there is more 
than one maximum in the histogram (i.e., two or more cells have the same 
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count which is higher than all others), the coordinates for each maximum 
are computed and stored as well as the rotation angles. Such a condition 
represents two equally good pattern registrations as determined by the above 
registration process. The rest of the matching process is executed for 
each of these maximums (up to five) and a match score is computed for 
each. The highest resulting match score is taken as the print match 
score. 

4.0 TEST FOR EARLY OUT 

After the two prints have been registered, the maximum histogram 
entry, Mj*j, is a measure of how well the minutia patterns match since it ■ 
is approximately the number of minutiae that are mates. (This measure 
is not exact because of possible double counting - one search minutia might 
be "paired" with more than one file minutia by the above process.) A 
comparison of Mj[j is made with an early out threshold, Ey. E T is a 
matching parameter that 1s specified by the operator. The value of Ej 
is dependent on the type of search prints used. A typical value for latent 
search prints 1s 15. If M^<E T , a zero match score is assigned, and no 
further match computations are performed for these two prints. IF MS>Et, 

M— T 

a more refined minutia pairing and scoring procedure is used, as described 
in the following sections. 

5.0 MINUTIA PAIRING AND SCORING PROCEDURE 

The process for minutia pairing and scoring is outlined in Figure 6. 
Figure 6 is a flow diagram of the pairing and scoring process. The 
various procedures indicated by the blocks in Figure 6 are discussed in 
more detail in the following subsections. The process is illustrated 
in Figure 7 for which the corresponding minutia data are tabulated in 
Table, 5. Figure 7 contains an example of the overlaid plots corresponding 
to tabular listings of X, Y and e minutia values and is used to illustrate 
the specifics of the process. 

5.1 FORMATION OF INITIAL HIT LIST 

The first step in the minutia pairing and scoring process is the 
formation of a list called the "HIT" list which is a list of the search 
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and file minutiae which are near enough to each other to be considered as 
potential mating pairs of minutiae. Table 6 is a "HIT" list for the 
example illustrated in Figure 7 and lists for each search minutia those 
file minutiae which are "close to" it. In order for a file minutia to 
be considered close to a search minutia, the file X, Y and 9 values 
must satisfy the equations 



l x si • 


• X FJ| " 










l Y si • 


• Y FJ| " 




iY 1j 




h 


| 8 S1 


- 8 Fj| - 




* 9 1j 




E 9 



(6) 



X $ ., Xpj, Y S j, Ypj, e s . f and 9pj represent the ith search and the jth file 
X, Y, and 9 minutia values respectively, and E x , Ey and E Q are the 
permissable X, Y and 9 pairing errors. 

For minutia patrs (i,j) which satisfy this criteria, a distance or 
closeness measure, D^y is computed as: 

D ij ; s AX lj + * Y ij + ■ ' * . * < 7 > 

where S g is a quantity used io 'scale the 0 differences to the same range 
as the X and Y distances and depends on the units used to represent X, 
Y and 9. For X and Y measured in ,008 inch units and 9 measured in 5.6 
degree units, Sg would be 4. In addition to satisfying equations (6), 
in order for a file minutia to be considered close to a search minutia, the 
following distance relationship must also be satisfied: 

D ij 1 D M (8) 

where D M is the permissable distance error. This distance measure is 
also shown for each of the minutia paris listed in Table 6. All file 
minutia which are "close" to a search minutia (up to a limit of four) 
are listed in the initial HIT list in ascending order of closeness as 
measured by D.^, as shown in Table 6. 
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5.2 NEIGHBORHOOD HIT LIST 

The rest of the minutia pairing and scoring procedure involves 
examining all possible search and file minutia combinations and selecting 
that combination which tends to maximize the match score under a closeness- 
of-fit scoring technique for the neighboring pairs of minutiae. To 
determine which neighboring search minutiae also have mating file minutiae, 
a list is formed for each mating search minutia, called the "NHIT" 
list. An example of an "NHIT" list appears in Tables 7(a)-7(e). The 
left-most column of this list 1s a list of the N closest search minutia 
to that search minutia (called here the neighborhood center minutia) for 
which the list is formed. The right-hand most column is a list of file 
minutia (up to two) which are close to the search minutia listed in the 
left-most column of the table. These neighborhood closeness and distance 
measures are computed in accord with equations (6), (7) and (8), 
although different values of E x , E y> E Q , S Q , and D M (I.e., E XN , E yN , 
E 9N' S eN' and V can be s P ec i f1 ed. That is, the tolerances and scaling 
factors can be different for the HIT. and NHIT lists. In Table 7(a), 
the NHIT list for the search and file pair of minutia (S4,F4) is shown 
together with the nearness or closeness measure, for the four closest 
neighbors to minutia S4 (1Te., S3, S2, S8, SI). This list only includes 
the two closest file minutiae for a given search minutia. Duplicate file 
minutiae are eliminated from the list according to a set of logic which 
first maximizes the number of search minutiae having a mating file minutia, 
and then minimizes the distance or nearness measure when two pairs of 
minutiae are considered at a time. 

The operation of the logic is illustrated by means of the example 
NHIT list of Table 8 (the minutiae of the example are not related to 
those of the example in Table 5). The first minutia combination to be 
considered by the logic is the S1,F2 combination listed in the first row. 
However, an examination of the second row shows that F2 appears in this 
row also, and with a smaller distance than in row one. If minutia F2 is 
paired with S2 because of the smaller distance, then there is no minutia 
to pair with SI. In order to minimize the number of pairings, the selection 
is made as shown in the final pairing column of the list. The detailed 
logic for processing the NHIT list is shown in the folow chart of Figure 
8. In Figure 8: 
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NB = the number of neighbors for each search minutia 
NHIT(I,1) = closest file minutia to the I search minutia in the 
NHIT list 

NHIT(I,2) = distance measure between the I search minutia in the 
NHIT list and the NHIT (1,1 ) file minutia 

NHIT(i,3) » next closest file minutia to the I search minutia in 
the NHIT list 

NHIT(I,4) 25 distance measure between the I search minutia in the 
NHIT list and the NHIT(I,3) file minutia. 



Following the logic of Figure 8 and working in a top- to-bottom fashion 
through the list to eliminate duplicate file minutiae and then selecting 
the pairing giving the smallest distance- measure results in the pairing 
shown in the "final pairing" column of the list. This logic is not 
sufficiently complex to always produce an optimum solution since if the 
file entry for row three would have been (F7,2) instead of (F8,2), the 
final pairing Tor the first three rows would have been (F2,5), - , (F7,2) 
which is not as good as the selection - t (F2,2), (F/,2) for which the 
combined distance is 4 as- compared to 7 for the less complex procedure. 
The simpler logic, however, is used in order to improve the matching speed 
since situations requiring the more complex logic are rare. 

Once a NHIT list has been edited to eliminate duplicate file minutiae 
and the resulting, best search-file neighborhood minutia pairings have 
been determined (according to the above rules), the variance in the fit of 
the neighboring minutiae is computed. A combined variance over X, Y and 
6 is computed as: 





e 



(9) 



whereas: 
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= E [(AX - M.„) 2 = ~ I M (AX.) 2 - 
L AX - 1 N M J-l 3 



1 K M 
N « J=l 3 



r il 1 N M 2 Tl N M 1 

= E (AY - M. y) - a- 2 (AY • ) - I AY. 

L . AY J % Jasl .3 L M J=l 3j 



(10) 



2 S e 1S "Quantity used to scale the a* values to the same range 
as a x and a y . AX u , AY^., A9j are the X, Y and e differences between 
neighboring search and file minutiae, and N M is the number of matching 
neighbors. Again S e is a function of the units used to measure X, Y 
and 9. For X and Y measured in units of 0.008 inches and 8 in units 
5.6 10 , S Q is in the range of 16-32. 

In order to use integer arithmetic, equations (10) are computed 
using a different scale factor to scale the computed a 2 values to 
appropriate integer values. The value of depends on the scoring 
table used and for the scoring table of Table 9, S ff = 4. In FORTRAN 
notation, the equation for determining a x *. equation (10), has the form: 

IVX = {{KXIS - (MXI4MXX)/K£M)*XVA8F/8KM 
•where: 

(11) 

IVX = o 2 x 

K M 2 
KXTS - I AX . 

J=l 3 

MXI = I AX . 

J=l 3 



% j=l 3j 
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Tables 7(b) and 7 (d) show the variance computations for the (54, F4) 

and (S4,F2) minutia pairs respectively. In these computations, S„ = 4 

2 2 

and S_ = 22,5. The integer scaled values of a are indicated by o c . 

Having computed the variance in the neighborhood fit of minutia, 
the individual minutia score is determined from a two-dimensional 
scoring table. An example of such a scoring table. is shown in Table 
7(e)- One dimension of the table is N M , the number of matching neighbors, 
and the other is a s 2 , the combined, scaled variance of the fit. The 
individual minutia score for the (S4,F4) minutia pair of 0 because 
cr s 2 is greater than 14, the largest a $ Z entry of the table, while the 
individual minutia score for the S4,F2 minutia pair is 60 (the fourth row 
and fourth column entry of Table 7(e)). A careful examination of the 
minutia patterns of Table 5 shows that the (S4,F2) pairing gives a much 
better fit for the neighboring minutiae as the a s 2 computation for this 
pairing indicates. 

Table 9 is the scoring table used in the preferred embodiment. The 
table is treated in the computer program as a one-dimensional table for 
purposes of speed and the indices to the table are computed using the 
specified minimum and maximum values for N M and a s 2 . This procedure, in 
effect, specifies a score for all of N M , a $ 2 space but it does not require 
an infinite table of scoring values. Thus, using FORTRAN type notation, 



If 




> 


N MX' N M ~ N MX 


If 


N M 


< 


*W S M = 0 


If 




> 


a SX 2 ' S M " ° 


If 


*x 2 


< 


« 2 _ 2 „ „ 2 
a SN ' a S " °SN 



(12) 



OMPI 
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2 2 

where N MX , N MN , , and are the maximum and minimum allowed values 

of N M and a s 2 respectively. In Table 9 N MX = 12, N MN = 4, o| x , * 30, 

and a SN = 1. Table 9 was developed by intutitive and empirical means 
so as to give a high score when the search and file fingerprints are 
similar, and a low score when they are dissimilar. 

When the score S Hl -j, for a given search minutia-file minutia pair 
(as listed in the initial HIT list), has been determined from its relation- 
ship to its closest neighbors, this score is entered in the initial HIT 
list in place of the distance measure initially computed for this minutia 
pair. This procedure is repeated until scores have been determined for all 
minutia pairs defined by the initial HIT list. Table 10(a) is the HIT 
list for Table 6 with the distance measure replaced by the individual 
minutia scores. In order to avoid considerable hand computations to 
provide this example, all of the S Mij . entries except for the S M4 
entries are rough approximations, but are sufficiently representative 
to illustrate the essential features of the process. 

5.3 DETERMINATION OF FINAL HIT LIST AND INDIVIDUAL MINUTIA SCORE 

When all of the score entries have been made in the initial HIT 
list, the file minutia entries for each row are re-ordered to be in 
decending order based on the score entries, and only the first two 
entries are retained in the HIT list. The right-most column of the 
example HIT list of Table 10(a) shows the effect of this or-ordering 
and truncation. 

Using the truncated, score-ordered HIT list, multiple file minutiae 
are eliminated by. selecting that pairing which maximizes the total score 
when minutia pairings are considered two at a time. The selection 
process for the example of Table 10 is straightforward- in the right-most 
column of Table 10(a), the file minutia with the lowest score 'is always 
eliminated if multiple entires exist. Those file minutiae to be eliminated 
are indicated by a star (*) in this table. 

A situation not quite so straightforward is shown in Table 11. If 
the lowest scoring file minutiae are eliminated, there is no mating file 
minutia for search minutiae S2, S4, S7, and S8. The selection logic 
considers the pairing for two search minutiae at a time and is such that 
the combined score for the two minutia pairing is maximized. Figure 9 

f OMFI 
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contains a flow chart of the process. In Figure 9: 

NS = number of search minutia 
HIT(i,l) = file minutia number with largest score on ith row 



HIT(i,4) = score for file minutia of H(i,3) 

A HIT entry of 999 indicates an empty cell or no minutia pairing. 

The result of the application of the process shown in Figure 9 to 
the example of Table 11 is shown in the right-most column of Table 11. 
The logic is not sufficiently complex to truly maximize the score over all 
possible pairing combinations. In the example of Table 11, the score would 
be five points higher if file minutia F9 were paired with search minutia 
S3 instead of S4 as shown. Such situations requiring more complex logic, 
however, seem to be very rare, and hence the added logic complexity that 
would be needed to handle such situations is not included as part of 
the match procedure. 

6.0 FINAL MATCH SCORE 

The final match score for the entire print is simply the sum of the 
match scores for each individual search minutia, as determined from the 
final HIT list. This is illustrated at the bottom part of Table 10(b). 

The invention is mechanized by means of a FORTRAN routine run on any 
suitable computer system such as the IBM 7090. Appendix I contains a 
FORTRAN listing of the computer program. Appendix II contains a list of 
the more significant program variables. 

Although the invention has been described and illustrated in detail, 
it is clearly understood that the same is by way of illustration and 
example only and is not to be taken by way of limitation, the spirit and 
scope of this invention being limited only by the terms of the appended 
claims. 



of HIT array 
HIT(i,2) = score for file minutia of H(i,l) 
HIT(i,3) ■ file minutia number with second highest score 

on ith row of HIT array 
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MINUT1A 


MINUT1A 


NO. 


COORDINATES 


NO. 


X 


Y 


0 


1 


103 


13 


2 




IB 


21 


8 


«# 






40 


A 
& 


g 

8 


29 


45 


e 

9 


Ju 


40 


AM 

90 


6 


90 


79 


130 


7 


117 


43 


135 


8 


116 


87 


135 


9 


90 


50 


160 


10 


55 


30 


165 


11 


120 


24 . 


172 


12 


86 


21 


174 


13 


72 


98 


182 


14 


101 


111 


184 


15 


47 


16 


187 


16 


42 


99 


220 


17 


23 


72 


250 


18 


60 


70 


295 


19 


43 


52 


305 


20 


70 


80 


318 



a) SEARCH MINUT1A 



MJNUTIA 


MINUTIA 


NO. • 


COORDINATES, 


NO. 


X 


Y 


e 


1 


41 


118 


40 


2 


34 


93 


62 


3 


20 


18 


67 


4 


34 


36 


. 118 


5 


75 


95 


148 


6 


112 


72 


170 


7 


88 


69 


175 


8 


78 


48 


181 


9 


94 


40 


185 


10 


61 


36 


193 


11 


73 


129 


212 


12 


23 


95 


250 


13 


18 


63 


275 


14 


33 


74 


284 


15 


46 


54 


320 


16 


95 


91 


331 




58 


83 


344 



b) FILE MINUTIA 
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1.0 
2.0 
3.0 



4.0 

5.0 
6.0 



LIST OF BASIC STEPS IN PROCESS 



PREPARE SEARCH MINUTIA DATA. 

1.1 Sort Into Angle Order 

1.2 Find Closest Neighbors 

1.3 Rotate Search Minutia For Each Angular Position 
PREPARE FILE MINUTIA DATA 

2.1 Sort Into Angle Order 

2.2 Find Min and Max X and Y Values 

2.3 Compute Quantization Parameters 

PRINT REGISTRATION (FIND BEST ANGLE ORIENTATION AND X, Y OFFSETS 
FOR LINING UP SEARCH AND FILE MINUTIA PATTERNS) 

3.1 For Each Angular Rotation, Build A Two Dimensional 
Histogram of X, Y Translations To Overplay All Possible 
Minutia Pairs 

3.2 Determine X, Y Translations Corresponding To Maximum of 
Histogram 

3.3 Determine Rotation Angle For Maximum of All Histograms 

3.4 Determine Maximum Value of All Histograms M* m 

TEST FOR EARLY OUT 

4.1 Compare M* m With Threshold Ey 

4.2 IF M* m < Ey, Assign Zero Match Score, Exit 

4.3 If M* m > Ey, Proceed 

"ROTATE, TRANSLATE" SEARCH MINUTIA TO BEST MATCH POSITION 
DETERMINE WHICH SEARCH MINUTIA MATE WITH WHICH FILE MINUTIA 

FOR EACH SEARCH MINUTIA WHICH HAS A MATING FILE MINUTIA, TRANSLATE 
SEARCH MINUTIA SO THESE MATING MINUTIA COINCIDE COUNT HOW MANY OF 
N N CLOSEST NEIGHBORING SEARCH MINUTIA ALSO HAVE A MATING FILE 
MiNUTIA N ffl COMPUTE THE INDIVIDUAL MINUTIA SCORE. I s1 .ASI s1 = N„2 

6.1 Form Initial "Hit" List 

6.2 Form Neighborhood Hit ("NHIT") List 

6.3 Determine Final Hit List and Individual Minutia Score 

Ns 

COMPUTE TOTAL FINAL MATCH SCORE S M "ASS M = £ l si 



TABLE 2 



SUBSTITUTE SHEET 
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MINUTIA 
NO. 


8 NEAREST NEIGHBORS 


1 


It. 12.7. 9. 15. 10.6.8 


2 


4. 5. IS, JO. 17. 19, 18. 12 


3 


16. 13.20.18.6.19.17.14 


4 


2.5.15. 10.17.19.18.12 


5 


4.2. 17. 19.10.15.18.9 


6 


20.13.8.14.9.18.3.7 


• 
• 





TABLE 3 
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SEARCH MINUTIA 



NO. 


X 


Y 


8 


1 


8 


8 


25 


2 


14 


21 


27 


3 


10 


20 


30 


4 


6 


17 


32 


5 


36 


10 


150 


6 


31 


8 


155 


7 


26 


14 


160 


8 


14 


14 


235 


9 


28 


22 


325 


10 


32 


22 


330 


11 


39 


22 


340 



TABLE 5 



FILE MINUTIA 



NO. 


X 


Y 


e 


1 


18 


23 


25 


2 


10 


19 


25 


3 


14 


22 


28 


4 


5 


14 


30 


5 


8 


9 


30 


6 


12 


10 


32 


7 


28 


15 


150 


8 


24 


12 


160. 


9 


39 


12 


160 


10 


35 


9 


162 


11 


27 


8 


170 


12 


12 


15 


210 


13 


18 


15 


230 


14 


32 


24 


320 


15 


36 


23 


332 


16 


25 


22 


342 
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HIT LIST 



SEARCH 
MINUTIA 


CORRESPONDING FILE MINUTIA. 
DISTANCE 


SI 


(F5.2). (F6.8). (F4.10) 


S2 


(*3.1K IF1.6KJF2.B1 


S3 


(F2.2K (F3.S). (F4.11). (F1.12J 


S4 


(F4.4). [FlSK (F5.10). (F3.14J 


S5 


(F10.3K (F9.7) 


S6 


(FT1.6K (F10.6J 


S7 


(F6.4UF7.6K (Fll.9) 


S3 


' <F13,6K (F12.SJ 


S9 


(F16.6). (F14.7K (F15.101 


S10 


<F14,4K<F15,5K (F16.9I 


S11 


(F15.5K (F14.13) 



TABLE 6 
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INITIAL NHIT LIST (S4,F4) PAIRING 



DISPLACED 

SEARCH 

MINUTIA 


CORRESPONDING FILE 
MINUTIA DISTANCE 


S3 
S2 
S8 
SI 


(F2.2), (F5,9) 
(F2.5), (F3.6) 
(F12.7), (F13.9) 
(F5.6), (F6,ll) 



(a) 



INITIAL NHIT LIST (S4,F2) PAIRING 



DISPLACED 




SEARCH 


CORRESPONDING FILE 


MINUTIA 


MINUTIA DISTANCE 


S3 


(F23,l), in ,6) 


S2 


(Fl.O), (F3.5) 


S8 


(F13,2), (F12.10) 


SI 


(F6,2), (F5.6) 



(c) 



FINAL NHIT LIST, (S4,F4) PAIRING 



SEARCH 


FILE 


AX 


AY 


A8 


MINUTIA 


MINUTIA 








S3 


F2 


1 


2 


-5 


S2 


F3 


1 


4 


1 


S8 


F12 


-1 


4 


-25 


SI 


F5 


1 


4 


5 


0 


o 2 


0.75 


, 0.75 


133 



J M44 



4(0.75) 
30 



+ 4(0.75) + 4(20)/22.5 
(b) 



FINAL NHIT LIST, (S4.F2) PAIRING 



SEARCH 
MINUTIA 


: FILE 
MINUTIA 


AX 


AY 


AS 


S3 


F3 


0 


0 


-2 


S2 


Fl 


• 0 


0 


-2 


S8 


F13 


0 


-1 


-5 


SI 


F6 


0 


0 


7 




o 2 


0 


0.19 


20 



>s : 

3 M42 = 



4(0) + 4(0,19) + 4(20)/22.5 
60 (d) 



1 



EXAMPLE SCORING TABLE 
23456789 



10 11 12 13 14 



2 
3 
4 
5 
6 



20 10 51 0000000 

40 20 10 5 3 1 0 0 0 0 0 

150 120 100 80 60 40 20 10 5 3 1 

200 150 120 100 80 60 40 20 10 5 3 

200 200 200 150 120 100 80 60 40 20 10 



0 
0 
0 

1 

5 



0 
0 
0 
0 
3 



0 
0 
0 
0 

1 



0 
0 
0 
0 
0 



(e) 



TABLE 7(a) - 7(e) 
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DISPLACED 
SEARCH 
MINUTIA 


CORRESPONDING FILE 
MINUTIA. DISTANCE 


FINAL 
PAIRING 


SI 


<F2.5) - 


(F2,5) 


S2 


(F2.2). (F7.5) 


(F7,5) 


S3 


<F8,2) - 


<F8,2) 


S4 


(F8.4). (F9,6) 


(F9.6I 


S5 


(F10.3). (FUJI 


<F10,3) 


S6 


(F12.3). (F14.5) 


F<14,5) 


S7 


(F14.7) - 




S8 


F(12.1) - 


F112.T) 



TABLE 8 
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SCORING TABLE 





4 


5 


6 


7 


8 


9 


10 


11 


12 


1 


50 


100 


120 


ISO 


170 


200 


220 


250 


250 


2 


30 


60 


100 


120 


150 


180 


200 


220 


250 


3 


20 


40 


70 


110 


140 


150 


180 


210 


240 


4 


10 


20 


60 


100 


120 


140 


160 


200 


220 


5 


8 


16 


40 


70 


100 


110 


150 


190 


200 


6 


5 


10 


20 


40 


80 


100 


130 


170 


200 


7 


3 


8 


16 


32 


64 


90 


no 


160 


180 


8 


2 


6 


12 


24 


48 


80 


100 


150 


170 


9 


1 


5 


10 


20 


40 


70 


100 


140 


160 


10 


0 


3 


6 


12 


24 


50 


90 


130 


150 


11 


0 


2 


5 


10 


20 


40 


80 


120 


150 


12 


0 


1 


5 


10 


20 


40 


80 


no 


140 


13 


0 


0 


4 


8 


16 


32 


64 


100 


120 


14 


0 


0 


3 


6 


12 


24 


48 


100 


120 


15 


0 


0 


2 


4 


8 


16 


32 


70 


100' 


16 


0 


0 


1 


3 


6 


12 


24 


50 


90 


17 


0 


0 


0 


2 


4 


8 


16 


40 


80 


18 


0 


0 


0 


1 


3 


6 


12 


30 


70 


19 


0 


0 


0 


0 


2 


4 


8 


20 


60 


20 


0 


0 


0 


0 


1 


3 


6 


10 


40 


21 


0 


0 


0 


0 


0 


2 


4 


8 


30 


22 


0 


0 


0 


0 


0 


1 


3 


6 


20 


23 


0 


0 


0 


0 


0 


0 


2 


4 


10 


24 


0 


0 


0 


0 


0 


0 


1 


3 


8 


25 


0 


0 


0 


0 


0 


0 


0 


2 


6 


26 


. 0 


0 


0 


0 


0 


0 


0 


1 


4 


27 


0 


0 


0 


0 


0 


0 


0 


0 


3 


28 


0 


0 


0 


0 


0 


0 


0 


0 


2 


29 


0 


0 


0 


0 


0 


0 


0 


0 


1 


30 


0 


0 


0 


0 


0 


0 


0 


0 


0 



TABLE 9 



OMH 

v/iro 
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CORRESPONDING FILE MINUTIA 
SEARCH CORRESPONDING FILE MINUTIA AFTER SCORE ORDERING AND 
MINUTIA INDIVIDUAL MINUTIA SCORES TRUNCATION 

51 (F5,3), (F6.100), (F4,0) (F6,100), (F5.3) 

52 (F3.10), (F1.80), (F2.1) F1.80), (F3.10)* 

53 (F2.3), (F3.100), (F4,0), (F3.100), (F2,3)* 

(n,o) 

54 (F4,0), (F2.60), (F5,0) (F3,0) (F2.60), (F4,0) 

55 (F10.10), (F9.20) (F9.20), (F10.10)* 

56 (F11.20), (F10.80) F10,80), (FIT ,20) 

57 (F8.3), (F7.60), (Fll ,0) (F7.60), (F8.3) 

58 (F13.100), (F12.3) (F13.100), (F12.3) 

59 (F16.3), (F14.40), (F15.0) (F14.40) (F16.3) 

510 F14.5), (F15.60), (F16.0) (F15.60), (F14,5)* 

511 (F15.3), (F14.10) (F14.10)*, (F15.3)* 

.♦Eliminated Minutia 

(a) Intermediate HIT List 



TABLE 10 



SEARCH 


SELECTED FILE 


MINUTIA 


MINUTIA AND SCORE 


SI 


(F6.100) 


S2 


(FT,80) 


S3 


(F3.100) 


S4 


(F2.60) 


S5 


(F9.20) 


S6 


(F10, 80) 


S7 


(F7,60) 


S8 


(F13.100) 


S9 


(F14.40) 


S10 


(F15.60) 


sn 





Match Score = 100 + 80 + 100 + 60 + 20 + 80 + 60 
+ 100 + 40 + 60 

= 700 
(b) Final HIT List 



CM?I 
{/W V/IPO A* 



r -T- -r--, V&.VATlO^ 



WO 82/01434 



PCT/US81/01412 



- 28 - 



SEARCH 
MINUTIA 


CORRESPONDING FILE MINUTIA 
AFTER SCORE ORDERING AND 
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APPENDIX II 

NAME PROGRAM VARIABLES - DESCRIPTION 

ASFP 8 Scale Factor far Minutia Pairing Distance 

C0UNT(2500) Registration X, Y Histogram 

DELTH A angle between rotations in Units of 1.40625 degrees each 

DDX Minutia X, Y tolerance values for neighborhood scoring 

DELX Minutia X, Y cell size for print registration 

DX Tolerance values for minutia pairing 

DPX X offset to exactly overlay a registered search minutia with 

its mating file minutia 

DPY Y offset to exactly overlay a registered search minutia with 

its mating file minutia 

ERAA Minutia Angle tolerance for print registration 

ERAB Minutia Angle tolerance for neighboring pairing 

ERAM Minutia angle tolerance for minutia pairing 

F(612) Sorted file minutia X, Y, 8 values 

HIT(1632) Array of mating file and search minutia 

I FLAG Switch, if = 1, then search data is ready 

IXMAX Maximum X value of file minutia set 

IXMIN Minimum X value of file minutia set 

IYMAX Maximum Y value of file minutia set 

IYMIN Minimum Y value of file minutia set 

ICXF X Coordinate of minutia pattern center for file minutia set 

ICYF Y Coordinate of minutia pattern center for file minutia set 

IANS Maximum value of registration histogram 

ISCORS Match score for a given registration histogram maximum 

ISCOR Final match score (maximum of ISCORS values) 
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APPENDIX II (CONTINUED) 
NAME PROGRAM VARIABLES - DESCRIPTION 

ASFP e Scale Factor for Minutla Pairing Distance 

COUNT(2500) Registration X, Y Histogram 

DELTH £>. angle between rotations in Units of 1 ,40625 degrees each * 

DDX Minutia X, Y tolerance values for neighborhood scoring 

OX Minutia X, Y cell size for print registration, tolerance values * 
for minutia pairing 

DPX X offset to exactly overlay a registered search minutia with its 
mating file minutia 

DPY Y offset to exactly overlay a registered search minutia with its 

mating file minutia 

ERAA Minutia Angle tolerance for print registration 

ERAB Minutia Angle Tolerance for Neighboring Pairing 

ERAM Minutia angle tolerance for minutia pairing 

F(612) Sorted file minutia X, Y 6 values 

HIT(1632) Array of mating "file and search minutia 

I FLAG Switch, if = 1 , their search data is ready 

IXMAX Maximum X values file minutia set 

IXMIN Minimum X values file minutia set 

IYMAX Maximum Y values file minutia set 

IYMIN Minimum Y values file minutia set 

ICXF X Coordinate of minutia pattern center for file minutia set 

ICYF Y Coordinate of minutia pattern center for file minutia set 

IANS Maximum value of registration histogram 

ISCORS Match score for a given registration histogram maximum 

ISCOR Find match score (maximum of ISCORS values) 
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APPENDIX II (CONTINUED) 
PROGRAM VARIABLES - DESCRIPTION 



NAME 

ISTAB 
IJ 
*IEOT 
IETP 
ITSX 

ISCTVR(500) 

ISCORV 

JXMIN 

JYMIN 

JSCOR 

KF(700) 

LX 

LY 

LAM IN 
NHIT(48) 

MMAX 

NB4 

NF 

NMAX(5) 

NAT 

NF3 

NRIV 

NP 



Array Containing Score Table 

Pointer to PA array for best set of rotated search minutia 
Early out threshold 

Distance Tolerance for minutia pairing 

Scaled Variance of Matching Neighboring Minutia 

Score Table 

Individual Minutia Score 

X Coordinate of Lower Left Corner of File Minutia Pattern 

Y Coordinate of Lower Left Corner of File Minutia Pattern 

Number of matching neighbors for a particular search minutia 

Array of file minutia that are mated with search minutia 

1/2 width of effective file minutia pattern area 

1/2 height of effective file minutia pattern area 

Maximum angle bias for search minutia angles 

Array of file minutia mating with neighbors of a given search 

minutia 

Number of maximums in registration histograms 

Number of neighbors to use times 4 

Number of file minutia 

Array of best rotation for registration 

Number of search print rotations to use 

3 Times the number of file minutia 

Number of neighbors to use for neighborhood scoring 

Number of search minutia 
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APPENDIX II (CONTINUED) 
NAME PROGRAM VARIABLES - DESCRIPTION 



NBR(2040) Neighbor array 

NX Count array size in X (Number of cells to use in count 

array in X direction) 
NMM Number of matching neighbors 

NY Count array size in Y (number of cells to use in count 

array in Y direction) 
NP8 Number of search minutia times 8 

NXMAX Maximum number of count array cells in X direction 

NYMIN Maximum number of count array cells in Y direction 

P(612) Unsorted search minutia 

PA(2040) Rotated search minutia X, Y values 
PAA(204) Search minutia angle values 
R40STB Disk file containing score table 

S(612) Sorted Search Minutia 

SS(612) Sorted, Centered, Search Minutia 

XOF X offset to overlay search minutia on file minutia for 

registration histogram maximum 
YOF Y offset to overlay search minutia on file minutia for 

registration histogram maximum 
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I CLAIM 

1. A method employing a programned computer for comparing the minutiae 
of a search fingerprint (the "search minutiae") with the minutiae of 
a file fingerprint (the "file minutiae") to determine if the search 
fingerprint closely resembles the file fingerprint comprising: 

(a) rotating and translating the search minutiae to 
determine the rotation and translation which 

• most nearly brings the search minutiae into 
registration with the file minutiae; 

(b) pairing mating search and file minutiae; 

(c) computing an individual minutia score for each search 
minutia that has a mating file minutia based on 

the spatial and angular relationship between the 
other mating file and search minutiae located 
within a neighborhood of each such search minutia; 
and 

(d) summing the individual minutia scores to obtain a 
final match score indicative of the overall resemblance 
of the search fingerprint to the file- fingerprint. 

2. The method described in Claim 1 and further comprising: 

(a) sorting the search minutiae into angle order; 

(b) finding the closest neighbors for each search minutia; 

(c) sorting the file minutiae into angle order; and 

(d) computing maximum and minimum coordinates for the file 
minutia, 

3. The method described in Claim lor 2 and further comprising terminating 
the comparison between the minutiae of a search fingerprint and the 
minutiae of a file fingerprint whenever the degree of registration 

of the search minutiae with the file minutiae fails to exceed an - 
operator selected threshold. 
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4. A method employing a programmed computer for comparing the minutiae 
of a search fingerprint (the "search minutiae") with the minutiae 
of a file fingerprint (the "file minutiae") to determine if the 
search fingerprint closely resembles the file fingerprint comprising 
the following steps in the order named: 

(a) rotating and translating the search minutiae to determine 
the rotation and translation which most nearly brings 
the search minutiae into registration with the file 
minutiae; 

(b) pairing mating search and file minutiae; 

(c) computing an individual minutia score for each search 
minutia that has a mating file minutia based on the 
spatial and angular relationship between the other 
mating file and search minutiae located within a 
neighborhood of each search minutia; and 

(d) summing the individual minutia scores to obtain a final 
match score indicative of the overall resemblance 

of the search fingerprint to the file fingerprint. 

5. The method described in Claim 4 and further comprising the following 
steps in the order named, and performed prior to the first step 
described in Claim 1: 

(a) sorting the search minutiae into angle order; 

(b) finding the closest neighbors for each search minutia; 

(c) sorting the file minutiae into angle order; and 

(d) computing maximum and minimum coordinates for the file 
minutia. 

6. The method described in Claim 4 and further comprising the 
following step performed between steps (b) and (c) of Clair: 4: 
terminating the comparison between the minutiae of a search fingerprint 
and the minutiae of a file fingerprint whenever the degree of 
registration of the search minutiae with the file minutiae fails to 
exceed an operator selected threshold. 



/a, wipo 
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7. The method described in Claim 5 or 6 wherein the step of rotating 
and translating the search minutiae to determine the rotation and 
translation which most nearly brings the search minutiae into 
registration with the file minutiae comprises: 

(a) rotating the search minutiae through a preselected 
set of rotations; 

(b) for each rotated set of search minutia constructing 
a histogram showing the number of coincident search 
and file minutiae for various translations of the 
search minutiae relative to the file minutiae; and 

(c) determining the rotation and translation to which most 
nearly brings the search minutia into registration with 
the file minutiae by comparing the magnitudes of the 
largest adjacent blocks of entires in each of the 
histograms. 



OMFI 
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8. A device for comparing the minutiae of a search fingerprint 

(the "search minutiae") with the minutiae of a file fingerprint 
(the "file minutiae") to determine if the search fingerprint 
closely resembles the file fingerprint comprising: 



(a) rotating and translating means for rotating and 
translating the search minutiae to determine the 
rotation and translation which most nearly brings 
the search minutiae into registration with the 
file minutiae; 

(b) pairing means for pairing mating rotated and translated 
search and file minutiae; 

(c) scoring means for computing an individual minutia 
score for each search minutia that has a mating 
file minutia based on the spatial and angular 
relationship between the other mating file and 
search minutiae located within a neighborhood of 
each such search minutia; and 

(d) summing means for summing the individual minutia 
scores to obtain a final match score indicative of 
the overall resemblance of the search fingerprint 
to the file fingerprint. 



9. The device described in Claim 8 and further comprising: 



(a) first sorting means for sorting the search minutiae 
into angle order; 

(b) finding means for finding the closest neighbors for 
each search minutia; 

(c) -second sorting means for sorting the file 

minutiae into angle order; and 

(d) coordinate means for computing maximum and minimum 
coordinates for the file minutia. 
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10. The device described in Claim 8 or 9 and further comprising 
terminating means for terminating the comparison between the 
minutiae of a search fingerprint and the minutiae of a file 
fingerprint whenever the degree of registration of the search 
minutiae with the file minutiae fails to exceed an operator 
selected threshold. 

11. The device described in Claim 8 or 9 wherein the rotating and 
translating means for rotating and translating the search 
minutiae to determine the rotation and translation which most 
nearly brings the search minutiae into registration with the 
file minutiae comprises: 



(a) rotating means for rotating the search minutiae 
through a preselected set of rotations; 

(b) for each rotated set of search minutiae constructing 
means for constructing a histogram showing the 
number of coincident search and file minutiae for 
various translations of the search minutiae relative 
to the file minutiae; and 

(c) determining means for determining the rotation and" 
translation which most nearly brings the search 
minutiae into registration with the file minutiae 
by comparing the magnitudes of the largest adjacent 
blocks of entries in each of the histograms. 
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START 



LIST, FOR EACH SEARCH MINUTIA, IN 
ASCENDING ORDER OF CLOSENESS, ALL 
FILE MINUTIA WHICH ARE CLOSE TO IT. 



GET NEXT MINUTIA PAIRING FROM LIST. 
OVERLAY SEARCH MINUTIA ON FILE 
MINUTIA. 



FORM NHIT LIST GIVING FILE MINUTIA 
WHICH ARE "CLOSE" TO NEIGHBORING 
SEARCH MINUTIA. ORDER ON 
ASCENDING VALUES OF CLOSENESS. 



ELIMINATE DUPLICATE FILE MINUTIA 
FROM NHIT LIST BY MAXIMIZING FIRST, 
NO. OF NEIGHBORS HAVING MATING 
FILE MINUTIA, ANO SECOND, CLOSENESS 
OF MINUTIA PAIRS. ■ 

I 

FIND SCORE FOR THIS MINUTIA PAIR 
BASED ON NUMBER OF MATING 
NEIGHBORS AND VARIANCE OF FIT. 
ENTER THE SCORE INTO THE HIT LIST 
IN PLACE OF CLOSENESS MEASURE. 



- MORE ENTRIES IN II 


UTIAL HIT LIST? 


NO 




ORDER HIT ARRAY Ef 
SEARCH MINUTIA B A5 


<TRIES FOR'EACH 
JED ON SCORE. 



CONSIDERING ONLY THE FIRST TWO 
FILE ENTRIES FOR EACH SEARCH 
MINUTIA IN THE HIT LIST, ELIMINATE 
DUPLICATE FILE MINUTIA BASED ON 
MAXIMIZING TOTAL MATCH SCORE AS 
DETER MINED ON A "TWO-PAIR" 8ASIS. 
I 



SUM INDIVIDUAL SEARCH MINUTIA 
SCORES TO GET TOTAL MATCH 
SCORE. 
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